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Summary: Hematopoietic stem cell transplantation (HSCT) 
remains the only curative option for most patients with juvenile 
myelomonocytic leukemia (JMML). However, persistent disease 
and relapse rates after transplant range from 26% to 58%. We 
report the successful use of second HSCT after preparation with 
mitoxantrone and cytosine arabinoside (Ara-C) for patients with 
refractory or recurrent disease. Between 1993 and 2006, 5 children 
who underwent HSCT at our institution as initial therapy for 
JMML had persistent disease or relapsed. Pre-HSCT conditioning 
varied and donors were either HLA-matched siblings (n = 2) or 
matched unrelated donors (n = 3). After initial HSCT, they sub- 
sequently received high-dose Ara-C (3g/m 2 IV) every 12 hours on 
days —8 through —3 and mitoxantrone (10mg/m 2 /d IV) on days 
— 8, — 7, — 6 followed by second HSCT from their original donors. 
All 5 patients are alive at 88, 179, 199, 234, and 246 months with no 
evidence of JMML, no significant toxicity, and 100% donor chi- 
mera as determined by PCR short-tandem repeat analysis. Our 
experience supports second transplant utilizing high-dose Ara-C 
and mitoxantrone in children with JMML who do not respond or 
relapse after first transplant. 
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uvenile myelomonocytic leukemia (JMML) is a rare 
mixed myelodysplastic and myeloproliferative clonal 
isorder of early childhood representing about 1% to 2% 
of all pediatric leukemias. 1-3 Most cases present before 
6 years of age, with a median age of 2 years. Clinical 
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presentation includes pallor, rash, hepatomegaly, spleno- 
megaly, lymphadenopathy, and recurrent infections. 2 ~ 5 
JMML has an increased incidence in patients with neuro- 
fibromatosis and Noonan syndrome as well as genetic 
mutations in the RAS signaling pathway, PTPN11, CBL, 
and NF1 gene. Although most children demonstrate a 
normal karyotype, monosomy 7 and other chromosome 7 
abnormalities are reported in 25% of cases. 4 

Diagnostic criteria as defined by the International 
JMML Working Group include peripheral blood mono- 
cytosis > 1000/mm 3 , absence of the Philadelphia chromo- 
some t(9:22) and the BCR-ABL1 fusion gene rearrange- 
ment, and bone marrow blasts <20%. n Other findings 
include leukocytosis, anemia, thrombocytopenia, increased 
circulating hematopoietic precursors, hypersensitivity to 
GM-CSF in culture, and elevated fetal hemoglobin. 11-13 

The only curative option for most patients with 
JMML is the use of hematopoietic stem cell transplantation 
(HSCT), with the exception of some patients with a 
Noonan or Noonan-like phenotype or a germline mutation 
in the protein tyrosine phosphatase, nonreceptor type 11 
(PTPN1 1), or the E3 ubiquitin ligase CBL who may have a 
self-limited course. 10 Event-free survival is reported at 55% 
at 5 years and 40% at 10 years. 11 Relapse-related and 
transplant-related mortality are the major reasons for 
therapeutic failure, with relapse occurring in approximately 
35% of patients. 13-1 6 Although second transplant for other 
recurrent malignancies has poor outcome, the only reported 
effective salvage therapy after recurrence of JMML is a 
second HSCT. A recent review confirms this assessment, 
while reinforcing the importance of decreasing the intensity 
of graft-versus-host disease (GVHD) prophylaxis with the 
second HSCT to optimize the graft-versus-leukemic (GVL) 
effect. 17 

We present 5 children diagnosed and treated for 
JMML at our institution between 1993 and 2006, all of 
whom had mixed chimerism after initial HSCT and either 
had persistent disease, evidence of progression, or relapse. 
All 5 patients received a second HSCT from the same HLA- 
matched sibling donor (2 patients) or the same HLA- 
matched unrelated donor (3 patients) after high-dose 
cytosine arabinoside (Ara-C) and mitoxantrone and all 
remain disease free with 100% donor chimerism. 

PATIENTS AND METHODS 

Between 1993 and 2006, 5 children with JMML 
received a bone marrow HSCT at The Nebraska Medical 
Center. Patient data at the time of diagnosis and before 
transplant are shown in Table 1. All patients underwent 
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TABLE 1. Patient Clinical and Laboratory Features at Time of Diagnosis 



Case 


1 


2 


3 


4 


5 


Age at diagnosis (mo) 


13 


10 


1 


3.5 


9 


Sex 


Male 


Male 


Male 


Male 


Male 


WBC (x 10 3 /uL) 


34 


41 


74 


49 


193 


AMC (xlO 3 ) 


3.6 


2.1 


29 


6.3 


56 


Bone marrow blasts (%) 


2 


5 


2 


7.5 


6 


Pits (x 10 3 /uL) 


47 


39 


215 


21 


69 


Hb F (%) 


23 


22 


N/A* 


55 


5 


Cytogenetics 


Normal 


Normal 


Normal 


t(13;14)c 


Normal 


Other abnormalities 






NF-1 


Noonan 


NF-1 



♦Patient 3 received packed red blood cell transfusions before diagnosis. 

AMC indicates absolute monocyte count; Hb F, hemoglobin F percent; NF-1, neurofibromatosis type I; pits, platelet count; WBC, white blood cell count. 



splenectomy and received d.s-retinoic acid alone (n = 2) or 
in combination with hydroxyurea (n = 2), or Ara-C and 
fludarabine (n = 1). All 5 patients demonstrated pro- 
gressive disease despite these interventions. The median 
time from diagnosis to initial HSCT was 4.5 months (range, 
4 to 7 mo). The median age at first HSCT was 13.5 months 
(range, 8 to 17 mo). Pretransplant conditioning regimens, 
donor type, and GVHD prophylaxis are summarized 
in Table 2. Two patients were transplanted with bone 
marrow from HLA-matched sibling donors, whereas the 
remaining 3 had bone marrow from matched unrelated 
donors. Preparative regimens for the first HSCT included 
VP- 16, Cytoxan, and total body irradiation (1200cGy) in 2 
patients. Two patients received Busulfan, ATG, VP- 16, and 
Cytoxan, whereas 1 patient received Cytoxan, ATG, and 
total body irradiation (1200 cGy). GVHD prophylaxis after 
first HSCT included Cyclosporin and Methotrexate in 4 
patients and Cyclosporine alone in 1 patient. Supportive 



care after HCST included prophylaxis with diflucan, tri- 
methoprim-sulfa, and acyclovir. 

All 5 patients were engrafted with a median time to 
ANC > 500cells/uL for 3 consecutive days of 18 days. 
Acute GVHD after first HSCT was mild (grade I to II) in 
all patients, and was successfully managed with a short 
course of corticosteroids. Greater than 25% recipient chi- 
merism was demonstrated in all patients before second 
SCT. Once mixed chimerism was detected, cyclosporine 
and methotrexate were discontinued in all patients. All 
patients also had evidence of persistent or recurrent disease 
verified by bone marrow aspiration completed between 
days + 35 to + 185. 

Indications for second transplant varied among the 5 
patients in addition to all demonstrating decreased donor 
chimerism after initial transplant. Chimerism studies 
obtained before and after second HSCT are detailed 
in Table 2. Time to second transplant for all patients ranged 



TABLE 2. Patient Clinical Features at Time of Hematopoietic Stem Cell Transplant 



Case 


1 


2 


3 


4 


5 


Tx before first HSCT 


Splenectomy G'.s-RA 


Splenectomy Cis-RA 


Splenectomy Cis-RA 


Splenectomy 


Splenectomy Cis-RA 




Hydroxyurea 


Hydroxyurea 




O'.s-RA 


ARA-C fludarabine 


Time to first HCST 


4 


5 


7 


6 


4 


(mo) 












First HCST 


TBI (1200 cGy) 


TBI (1200cGy) 


BU/ATG 


BU/ATG 


TBI (1200 cGy) 


conditioning 


VP-16/CY 


VP-16/CY 


VP-16/CY 


VP-16/CY 


CY/ATG 


GvH prophylaxis 


CsA/MTX 


CsA/MTX 


CsA/MTX 


CsA/MTX 


CsA 


Donor type 


MUD 


MSD 


MSD 


MUD 


MUD 


aGvHD after first 


Grade II 


Grade I 


Grade II 


Grade II 


Grade I 


HSCT 












Disease status after 


Persistent disease 


Recurrent disease 


Persistent disease 


Recurrent 


Persistent disease 


first HSCT 








disease 




Chimerism after first 


Mixed chimeric 29% 


100% donor at day 


Mixed chimeric 50% 


100% donor at 


Mixed chimeric 85% 


HSCT 


donor at day + 32 


+ 24 


donor at day + 42 


day + 35 


donor at day + 34 


Chimerism at time of 


29% donor 


60% donor 


50% donor 


0% donor 


10% donor 


second HSCT 












Time to second 


55 


109 


211 


731 


174 


HSCT (d) 












GvHD after second 


aGvHD I 


aGvHD II 


None 


cGvHD 


cGvHD 


HSCT 




cGvHD 








Outcome after second 


CR 246 


CR 234 


CR 199 


CR 179 


CR 88 


HSCT (mo) 













ARA-C indicates cytosine arabinoside; ATG, antithymocyte globulin; BU, busulfan; cis-RA, retinoic acid; CR, complete remission; CsA, cyclosporine; CY, 
cyclophosphamide; GvHD, graft-versus-host disease; HSCT, hematopoietic stem cell transplant; MSD, matched sibling donor; MTX, methotrexate; MUD, 
matched unrelated donor; TBI, total body irradiation; VP-16, etoposide. 
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from 55 to 731 days. All 5 patients were prepared with Ara- 
C (3000 mg/m 2 IV) every 12 hours on days — 8 through — 3, 
and mitoxantrone (10mg/m 2 /d IV) on days —8, — 7, —6 
followed by 2 days of rest and second bone marrow HSCT 
from their original donors. No GVHD prophylaxis was 
given after the second transplant. 

Cytogenetics and Chimeric Status 

Standard G-banded analysis was performed on direct 
and 24-hour unstimulated bone marrow aspirates. The 
methods of chromosome preparation for cytogenetic anal- 
ysis are described elsewhere. 18 - 19 Peripheral blood speci- 
mens were obtained periodically posttransplant for studies 
of hematopoietic chimerism of either white blood cells or 
separated CD3(+) cells. Specimens were analyzed by pol- 
ymerase chain reaction amplification for polymorphic 
markers (AmpFISTR Profiler PCR Amplification Kit; 
Applied Biosystems, Foster City, CA) composed of short- 
tandem repeats. Nine short-tandem repeat markers were 
used, including D3S1358, vWA, FGA, TH01, TPOX, 
CSF1PO, D5S818, D13S317, D7S820, and the sex marker 
Amelogenin. 20 

RESULTS 

After second HSCT, median time to ANC > 500 cells/ 
uL for 3 consecutive days was 12 days (range, 9 to 28 d), 
last red cell transfusion was 45 days (range, 13 to 95 d), and 
last platelet transfusion was 63 days (range, 9 to 122 d). 
Two patients had mild acute GVHD (grade I to II), 3 
patients developed chronic GVHD, and 1 patient had no 
evidence of GVHD after second HSCT. All 5 patients are 
alive and disease free at 88, 179, 199, 234, and 246 months 
after second HSCT with continued 100% donor chimerism 
(Table 2). The preparative regimen was well tolerated with 
no or minimal organ dysfunction and no significant infec- 
tious complications. All 5 patients have returned for follow- 
up within the last 12 months, and all are well with no evi- 
dence of cGVHD. Four of 5 patients demonstrate Kar- 
nofsky scores of 100% and 1 child (case 4) has a score of 
80% secondary to persistent pulmonary hypertension that 
developed soon after first transplant and delayed the second 
transplant. 

DISCUSSION 

HSCT is a life-saving treatment modality for JMML. 
However, persistent disease and relapse rates after trans- 
plant range from 26% to 58%, along with significant 
transplant-related morbidity and mortality. 11 ' 21 Optimal 
pre-HSCT chemotherapy and preparative regimens are 
varied 11,21 ' 22 and experience with second HSCT is limited 
with 50% 3-year and 32% 5-year survival reported. 10 - 16 

Other investigators have suggested either the with- 
drawal of immunosuppressive therapy or donor lympho- 
cyte infusion (DLI) as possible treatment modalities, given 
the lower relapse rates in patients who develop GVHD. 23 
However, in an evaluation of 21 patients with mixed chi- 
merism after initial HSCT for JMML, only 1 patient was 
alive and in remission for > 1500 days after receiving 
DLL 24 Moreover, all 21 patients in the study with mixed 
chimerism experienced a hematological relapse, further 
clarifying mixed chimerism status as a risk factor. 24 A 
recent review of 16 patients with JMML who received 
HSCT by Inagaki et al 25 confirmed these results, given that 

© 2013 Lippincott Williams & Wilkins 



only 1 of 5 patients who received DLI achieved a long- 
standing remission. 

For this reason, second HSCT is the treatment of 
choice at our institution for patients with increasing mixed 
chimerism and frank evidence of relapsed or progressive 
JMML. Previous reports have highlighted the importance 
of GVL effect in the successful control of JMML. 26 We 
reasoned that if we could reduce the malignant cell burden 
by using myeolablative chemotherapy, GVL would be 
augmented. Given the efficacy of high-dose Ara-C and 
mitoxantrone for reinduction of relapsed myeloid leuke- 
mias we chose these agents as our cytoreductive regimen. 
As this regimen causes profound and prolonged myelo- 
suppression, we provided a second stem cell infusion using 
the same donor in an effort to achieve earlier recovery of 
counts. In an effort to promote the GVL effect, we chose 
not to use GVHD prophylaxis after the second transplant. 
We felt this was reasonable as all patients only had mild, 
self-limited aGVHD after first HSCT from the same donor. 
We theorize that the elimination of GVHD prophylaxis 
after second transplant promoted a more robust GVL 
effect, thus eradicating residual disease. 21 The omission of 
GVHD prophylaxis did not result in increased transplant 
morbidity, and only 2 of 5 patients developed grade I and II 
aGVHD and 3 of 5 mild self-limited chronic GVHD 
(Table 2). Furthermore, Ara-C and mitoxantrone were well 
tolerated by all 5 patients with minimal nonhematopoietic 
toxicity. 

Considering that up to 35% to 58% of JMML patients 
who survive first transplant are reported to have persistent 
disease or relapse, second HSCT are frequently per- 
formed. 11 ' 25 In our 5 patients we were able to reharvest 
sibling donors for 2 patients (case 2 and 3) and harvested 
sufficient cells for 2 transplants from 3 unrelated donors. In 
our first case, a large collection fortuitously allowed us to 
store the additional harvested cells. In cases 4 and 5, we 
requested larger collections and stored enough cells for a 
second transplant. This was easily facilitated with small 
recipients and adult unrelated marrow donors. The poten- 
tial need for a second transplant argues against utilizing 
unrelated cord blood donors and for obtaining enough 
stem cells for the 2 transplants when initially harvesting 
unrelated donors. A recent analysis by Locatelli and col- 
leagues verifies this strategy, as they retrospectively ana- 
lyzed 110 patients with JMML who received unrelated 
donor umbilical cord blood transplantation. Thirty-seven 
children (33%) relapsed at a median time of 2.6 months 
after transplant, and 28 of them died due to disease pro- 
gression after a median of 6 months after umbilical cord 
blood transplantation. 27 

The recent report by Inagaki et al 25 and the accom- 
panying highlight by Locatelli and Lucarelli 17 clarify some 
of the issues raised in the current report. It is clear that 
JMML responds differently to DLI and second HSCT than 
either acute leukemias or Philadelphia Chromosome pos- 
itive (Ph + ) CML. As in JMML, DLI infrequently results 
in eradication of the leukemic clone in recurrent acute 
myeloid or lymphoid leukemia and only in cases with 
minimal leukemic burden. DLI is efficacious in many cases 
of relapse in Ph + CML. 17 Second HSCT is rarely suc- 
cessful in either recurrent acute leukemias or Ph + CML, 
but efficacious in JMML. 

In conclusion, our findings support the strategy of 
second HSCT with the same donor combined with reduced 
or no GVHD prophylaxis to optimize the GVL effect in 
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patients with persistent or recurrent JMML. Our experience 
further suggests utilizing a relatively nontoxic regimen of 
high-dose Ara-C and mitoxantrone as the preparative reg- 
imen in children with JMML. 
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